Abstract. In order to study the properties of human muscle, it's necessary to construct a three-dimensional model. Biceps femoris has been taken as an example in this paper. Firstly, point cloud data of biceps femoris at different angles were extracted by IMAGEWARE software. Then we can get different polynomial functions correspond to different contraction states of biceps femoris in the Matlab environment. Finally, we calculate the pairwise polynomial parameters and get the correlation of the muscle shapes in different joint angle. The morphological changes of biceps femoris in different joint angle can give us more information about the properties of human muscle.
Introduction
Nowadays, musculoskeletal injuries are a common phenomenon. In addition to muscle damages in heavy manual labor, sports injuries also occupy a large proportion. Muscle injury, which is caused by a sharp contraction under the action of external force or excessive tensile force, is the most common form of sports injuries. According to the statistics of Beijing research institute of sports medicine, this kind of damage accounts for more than 25% in the incidence of various muscle damage.
The major parts of muscle injuries are triceps surae, muscles of leg anterolateral and hamstring muscles [1] . Therefore, the biomechanics analysis of muscle in the state of movement is significant to predict state of lower limb muscle strength, learn the distribution of the sports injuries and make sports reasonably and scientifically.
Three-dimensional modeling based on Matlab
This study based on five adult healthy male volunteers. MRI measurement experiment was done to collect the data of biceps femoris when lower limbs were under knee flexion condition. Form the test, we get the point cloud data of biceps femoris in different flexion angle.
Using IMAGEWARE software [2] , Muscle parallel section of biceps femoris muscle in three different angles can be acquired by using parallel section method. Then the point cloud data were imported to Matlab for three-dimensional modeling by using plot3 function and writing assignment statements. In order to improve the quality of graphic display, grid statements were used to draw grid [3] . Three-dimensional curves in different angles of biceps femoris are shown in Fig. 1 . 
Piecewise fitting of three-dimensional curves
Because muscle curve shape is complicated, so it is difficult to use a function express. The purpose of the study is to find a general transformation matrix, which can get contraction state of different muscles. Because there is an error among transformation matrixes, so researchers usually use curve segments to reduce the error and enhance the correlation [4] . In this research, we transfer the three-dimensional curves of biceps femoris into two-dimensional curves in XOY plane. The curve segments are shown in 
The simulation results of the curves
Through the simulation processes above, we get the segmented curves of biceps femoris in the angle of 0°, 30° and 90°, and each segmented curve has four parts. So we can get 24 thirteen-dimensional matrixes. Then choosing the second part of segmented curves in 0°, the first part of segmented curves in 30° and 90° as the example to make matrix transform. The matrix data are shown in Fig. 4 . 
The correlation analysis of simulation data
A is the transformation matrix between 0 degree and 30 degree of biceps femoris, and B is the transformation matrix between 30 degree and 90 degree of biceps femoris. Then we use SPSS software to analyze the two groups of data, the output is shown in Table 1 [5]. From table 1, we can get the correlation coefficient r = 0.423, which is between 0.3 to 0.5, is low correlation. This kind of error appears because muscle cross section was uneven and the shape of each muscle is different. The two transform matrix were correlation, so the relationship of two pieces of muscle can be gotten in one transformation matrix.
Conclusion
In this paper, the three-dimensional model of biceps femoris were established and simulated by using the Matlab software. Through correlation analysis, the relative relationship of biceps femoris in different contraction angles were gotten. In the further research, we can get more experiment data, and analyse the relationship of the geometrical morphology between different muscles in different contraction state through combining the existing theories. This will give a hand to understand the rule of muscle movement deeply and treat muscle injuries effectively.
